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The Nutrients Required to Develop 
the Bovine Fetus 
C. H. Eckles 
Under ordinary conditions the cow uses food for one or more 
of five purposes. These are (1) maintenance, (2) milk production, 
(3) gain in body weight, (4) growth, and (5) developing the fetus. 
More or less experimental data are available regarding the nu-
trients required for each of the first four. Feeding standards have 
been calculated from these data and are generally considered suftici-
ently accurate to be of practical value. No experimental data have 
been found concerning the nutrients required for the last, the de-
velopment of the fetus, altho some results have been published of 
experimental work closely related. Observations have been reported 
regarding the relation of the diet and nutrition of certain animals 
during gestation to the size and vigor of the offspring as well as 
upon the mother animal herself. According to one investigator, the 
size of the offspring of guinea pigs depends largely upon the diet 
during gestation, and the nourishment of the maternal tissues seems 
to take precedence over the nutrition of the fetus. 1 
Minot,2 on the other hand, states that his observations confirm 
those of others to the effect that pregnant guinea pigs gain in weight 
over those not pregnant. Gestation, according to this author, does 
not represent a tax upon the mother but acts as a stimulus. 
Marshalls cites observations of two investigators to the effect 
that with the human, there is an increase in weight during pregnancy 
greater that the weight of the fetus. "A diet necessary to maintain 
the body weight in a woman of the same size, gave an increase in the 
weight of a pregnant woman amount to 1.77 kilo in the last month 
of which 0.65 kilo represented increase outside the fetus." Marshall 
states,. "We must conclude that the early stages of pregnancy have 
lPatton, D. Noel. The influence of diet in pregnancy on the weight of the otE-
sprIng. The Lancet, 2 :21·22. 1903. 
'MInot, Chas. SedgwIck. Senescense and rejuvenation. The Journal of Physiol· 
ogy 12 :97·153. 3 pIs. 1891. 
'Marshall, Francis H. A. 'l'he physIology ot reproduction. Chap. XI; 490-524. 
Longmans Green & Co. 1910. (3) 
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had a favorable influence in the growth of the mother animal and 
at the same time have led to a more energetic metabolism." 
Watson4 reports the results of gestation upon the growth of 
white rats. The experiment began when the animals were 70 days 
old which is said to be the age of sexual maturity for this species. One 
group was mated at this age, suckled their young twenty days, were 
then given thirty to fifty days to recover their condition, then mated 
again. This was repeated until each female in the group had borne 
three litters. The animals in the other group were not mated. Com-
parIsons are based upon weights alone. Feed of good quality was 
abundant at all times. At the end of 345 days the rats which had pro-
duced young averaged 219.4 grams in weight to 197.1 grams for the un-
mated. There was a decided loss in weight in each case during the 
early stages of lactation but this was later regained. 
Murlin5 states that in the human being not only is the maternal 
body capable of meeting the demands of the fetus without loss but 
that for each of the elements which has been investigated there is a 
considerable gain on the part of the maternal body. He quotes Bor, 
who has conducted investigations along this line, as stating that the 
nutritional relation between mother and fetus is not to be looked upon 
as a parasitism but as a "harmonious symbiosis," meaning by this that 
each organism derives a distinct advantage from the partnership. Mur-
lin further says in reference to the extra metabolism due to pregnancy 
that with dogs it is proportional to the weight of the new-born and 
is about the same per unit of surface as in the adult dog. 
The specific effect of the ration of the mother during pregnancy 
has been found by some to exert a marked influence upon the offspring. 
Evvard6 experimenting with swine found that the size and vigor of 
pigs was greatly increased by the addition of a high-calcium food to 
a basal ration of corn alone which is very low in this constituent. 
Hart, Steenbock, and Fuller7 , also experimenting with swine found 
that high-calcium rations as compared with low-calcium rations had 
no effect on the size or calcium content of the skeleton of the fetus. 
The skeleton was not increased in any dimension by a wide variation in 
the calcium content of the ration fed the mother . 
• Watson, J . B. The effect of the bearing of young upon the body weight and the 
weight of the central nervous system of the female white rat. .Journal of Compara· 
tive Neurology, 15 :6. 514·524. 1905. 
'Murlin, J<>hn R. Nutrition of the embryo. International Congress on Hygiene 
and Demography. 2: 415·423. 1912 . 
• Evvard, John. Nutrition as a factor in fetal growth. Annual Report American 
Breeders' Assn. 8: 549·560. 1912 . . .... , . . . 
rHart, E. B., Steenbock, H., liner Fuller. J. C. Calcium and phosphorus supply of 
farm feeds and their relation tQ ,,~bl'! . . animal's requirements. Wis. Agr. ElXp. Sta. Re-
search Bull. 30 : 1·28. 1914. 
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The same authorS found that three cows feds on a ration restricted 
to the wheat plant produced small calves which were so lacking in vigor 
that all were either born dead or died soon after birth while calves from 
cows restricted to a ration from the corn plant gave birth to normal 
calves. 
Skilled dairy cattle men emphasize strongly the value of liberal 
feeding of the pregnant animal. The following, from a successful man-
ager of dairy cattle, illustrates the view of the practical feeder: "One 
should not make the mistake of not giving the cow enough to eat when 
she is dry on the assumption that, because she is not outwardly work-
ing she does not need much feed. In addition to the milk-giving 
function, the maternal function draws heavily upon the animal's body 
and for this reason she should not be stinted." "If she is milked 
right up to the timel the calf is dropped one must expect the young 
animal will suffer." As illustrated in the quotations given, the view 
of the skilled practical feeder is that the cow needs a liberal and well-
selected ration during gestation and especially near the latter part. 
Some give as the basis for such practice the necessity for nutrients 
to develop the calf while just as often the advisability of liberal 
feeding at that time is justified on the basis that a larger production 
of milk follows when a cow is in good physical condition and carry-
ing some surplus fat at the time of parturition. 
GENERAL PLAN OF THE INVESTIGATION 
EXPERIMENT 1 
At the close of an investigation carried out for another purpose!) 
two cows were available and the necessary data partly taken to make 
possible a study of the question of the nutrients required to develop 
the fetus. These cows had been kept farrow and the maintenance 
requirements determined for a period of 180 days for one, and for 
150 days for the second. During the maintenance period both re-
ceived the same ration except as it was necessary to vary the quan-
tity on account of the difference in size of the two animals. A di-
gestion trial was conducted for each during this maintenance period. 
It was then planned to breed these cows and continue them on exactly 
the same ration, both in kind and quantity, during gestation. The ef-
8Hart, Fl. B.. McCollum, E. V .• Ste.epbock. H. , und Hllmph rey. G. C. Phl' s iologicnl 
effects on g rowth and reproduction of rations balanced from restricted sou·rees. 'Wis. 
Agr. Exp. Stet. Research Bull. 17: 131·203. 1911. 
"Eckles. C. H. '['he cause of wide variation In milk production by Dairy cows. Mo. 
Agr. Exp. Sta. Research Bull. 2: 107·147. 19 10. 
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fect of gestation would then be measured upon the cow herself rather 
than in terms of feed. In this case the assumption would be that the 
cow would remain at constant weight if not affected by the development 
of the fetus. On the other hand, if the development of the fetus proved 
to be a serious drain upon the mother, it should be indicated by a 
loss in weight of the cow. Again, if the size of the fetus is dependent 
to any great extent upon the feeding of the mother, it would be ex-
pected that the calves born would be smaller than normal. It is 
evident that this plan assumes that the final measure would be pri-
marily the weight and condition of the cow after parturition. While 
this plan of measurement is not entirely satisfactory no better one 
could be devised. It is clearly impossible to vary the amount of feed , 
with the idea of keeping the weight of the cow uniform exclusive 
of the fetus since it is impossible to more than estimate the weight of 
the fetus at any particular time. This experiment was carried out as 
indicated and consitutes Experiment 1. The data in detail are pre-
sented in Tables 1 and 2, and are shown graphically in Figures 1 and 2. 
EXPERIMENT II 
Ata later date three more cows were available which had re-
ceived precisely the same treatment as the two first mentioned 10. Their 
maintenance requirement had been determined for a period of six 
months while receiving exactly the same ration as those in Experi-
ment I with such variations in amount as was found necessary to 
maintain a uniform weight. A digestion trial had also been carried 
out for each during this maintenance period. In this group were one 
Holstein, weight about 1300 pounds; one Ayrshire, weight 950 pounds; 
and one Dairy Shorthorn, weight about 1150 pounds. 
It was planned to breed the Holstein and Ayrshire cow, using the 
Shorthorn as a check. The feeding was to be based upon the check 
animal, the Shorthorn. It was found during the maintenance period 
of six months that Cow 206 required 118 per cent, and Cow 304, 87 
per cent as much feed as Cow 400 to maintain uniform weight. It 
was planned to continue Cow 400 dry and farrow and as nearly as 
possible at uniform weight during the gestation periods of Cow 304 
and Cow 206. Cow 206 would receive during her gestation period 
118 per cent, and Cow 304, 87 per cent of the ration required to 
maintain the check animal, Cow 400, at uniform weight. In this 
way the rations would be kept in the same proportions as was found 
l0Edde~. C. H. Nutl'ients requil'ed fo!' milk production. Mo. Agl'. Exp. Sta. Res~arcb 
BulL 7: 91-140. 1913. . 
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necessary during the maintenance periods. By following this plan of 
using a check animal, any variation that might be due to the influence 
of the season of the year, or quality of feed would be controlled by 
the check animal. The results were to be measured as in the first 
experiment by the effect upon the cow rather than by the amount of 
feed consumed. The data of this experiment are found in Tables 
8, 9, 10, 11 and 12 and are illustrated in Figures 3 and 4. 
Composition of the fetus.-After the results of Experiment I were 
available the original plans of the investigation wefe enlarged and the 
cooperation of the department of agricultural chemistry secured for 
the purpose of taking data in regard to the composition of the fetus 
at birth. The purpose in obtaining these data was to determine from 
the analytical standpoint what the cow is called upon to build up in 
developing the fetus. A portion of the results of these analyses have 
been publishedll and the remainder will be made public at a later date. 
FEED AND MANAGEMENT 
The ration.-The ration received by all the cows used was the 
same during the maintenance period which preceded the period of 
pregnancy with the exception of a short time when the animals in 
Experiment I received green feed in place of silage. The ration was 
alfalfa hay, corn silage, and a grain mixture composed of corn four 
parts, wheat bran two parts, linseed oilmeal one part. This was fed 
in the proportion of one part each of grain and hay and four parts 
of silage. The two cows used in Experiment I were fed green feed for 
a time when silage was not available. The cows used in Experiment 
II received the same ration as the others during the maintenance 
period. During the period of gestation, silage was omitted and they 
received the same grain mixture and alfalfa hay, in the proportions 
of 1 to 3. The reason for replacing the silage with additional alfalfa 
hay was the impossibility of providing silage during a portion of the 
time covered by the periods of maintenance and gestation. Since the 
results of the experiment were to be measured largely by the effect 
upon the mother it was of great importance to get the true weight 
of the animals after parturition. A great deal of difficulty was ex-
perienced at this point. Weights were taken of each animal at in-
tervals after parturition beginning within a few minutes after de-
livery and continuing for three days. Holstein cow 206 for example 
weighed 1385 pounds at 8 A. M., August 10 after receiving feed and 
"Trowbrldge. P . F . Composition of the bovine fetus. Proceedings of the American 
Society of Animal Production: 100·104. 1915. 
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before receIvmg water. She calved at 2 P. M. the same day. Her 
weight immediately after calving was 1357 pounds. The calf weighed 
ninety-five pounds and the afterbirth 18.5 pounds. The foHowing 
morning the cow weighed 1265 pounds, and the second morning 1350 
pounds. The above weights indicate the difficulties in securing a fair 
figure as to the real weight of the cow at this time. After a' thor-
ough consideration of all the data from the five cows it was decided 
the most accurate plan would be to take the average weight of the 
cow for the five days preceding parturition and from this deduct the 
weight of the calf at birth plus the weight of the placenta and an al-
lowance of thirty pounds to represent the amniotic fluid. The latter 
weight was that obtained in an experiment in which a Jersey cow was 
slaughtered at a time she was thought to be within 24 hours of par-
turition. 
Digestion coefficient.-The digestible nutrients received by each 
animal were calculated from the chemical analyses of the feeds used 
and a modification of the average coefficients of digestibility as given 
by Jordan12 • These modifications were made for each animal based 
upon an actual digestion trial with that animal. For example, if 
according to the digestion trial one of the cows digested only 90 
per cent as much protein as the average coefficients would indicate 
should be digested from the ration received, then the coefficients of 
protein digestion used for each foodstuff received by that animal were 
90 per cent of the average figures as given by Jordan. A more com-
plete discussion of this procedure will be found in another publica-
tion1s. 
Energy value.-The Armsby method was used in calculating the 
energy value of the rations, using the digestion coefficients calculated 
according to the method to which reference is made above and the 
chemical analyses of the feeds. The same percentag~ of amids was 
assumed for the different feeds in the publication referred to with the 
exception of green cowpeas which were assumed to have the same 
amount of amids as green alfalfa. 
DATA ON EXPERIMENT I 
The animals used in this experiment were two registered . Jersey 
cows, daughters of the same sire. Further details are given in Table 3. 
"Jordan, W. II. The reeding of fl.nimals. 2d edition: 427. The McMillan Co: 1903. 
"Eckles, C. H. Nutrients reqnired for milk production. Mo. Agr. Exp. Sta. Research 
Bull. 7: 89·140. 1913. 
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TABJ.E i.-FEED CONSUJ'vIED AND DIGESTI.BLE NUTRIENTS RECEIVED DAILY 
WHILE PEFXtNANT 
-----
Ten·dny period I Carbo· Ether Energy Average Period Graitl I Hay Snage Protein llve 
endiIlg bydrates extract value 
welgbt 
-----19~ --- .- --- L-_ Cow 27 Lbs. r~bs. Lbs. Lb •. Lbs. Lbs. Tl!erms Lbs. 
l' April 17 3.2 3.2 12.8 0.'77 5.72 0.23 6.62 896 
2 27 3.2 3.2 12.8 .77 5.72 .23 6.62 902 
3 May 7 3.2 3.2 12.8 .Q7 5.73 .21 6.57 907 
4 17 3.2 3.2 12.8 .77 r>.73 .20 6.5~ 909 
5 27 3.2 3.2 12.S .77 5.73 .20 6.55 911 
C Juu. 6 3.2 8.2 12.8 .77 5.73 .20 6.55 921 
7 16 3.2 H.2 12.8 .77 5.73 .20 6.55 923 
S 26 3.2 3.2 12.S .77 5.73 .20 6.5" 924 
9 July (\ 8 .2 3.2 12.8 I .77 5.73 .20 6.55 923 10 16 3.2 3.2 11,1) .75 tUn .19 6.30 920 
11 26 3.2 3.2 12.8 ! .76 5.7~ .20 6.56 9:15 
12 August 
"I 8.2 3.2 
I 
12.S .76 5.15 .20 6.56 940 
13 15 3.2 3 .2 10.9' .73 5.44 .18 6.15 944 
14 25 i 3.2 3.2 12.2< .7S 5.60 .11\ 6.m 9~8 
15 Soptember 4 3.2 3.2 12.S I .78 5.71 .18 6.42 
I 
962 
16 14 3.2 3.2 11.5 .8() 5.48 .17 6.23 972 
17 24 3.2 3.2 12.6 .96 5.75 .17 6.6n 991 
18 Octolwr 4 3.2 l 4.2 5.1 .88 4.67 .15 5.47 1038 
19 14 3.2 8.0 ..... 1..14 5.21 .16 6.00 1020 
20 24 3.2 7.5 2.34 1.11 5.37 .16 6.16 1049 
21 November 3 3.2 3.2 15.0 .80 5.63 .15 ~.32 1067 
22 13 3.2 3.2 10.0 .80 5.63 .15 6.32 1071 
23 23 3.2 3.2 1:).0 .80 5.63 .15 6.32 1049 
24 Decflmber 3 3.2 3.2 15.0 .80 5.63 .15 6.S3 1030 
25 13 3.2 3.2 15.0 .80 1l.63 .111 6.32 1041 
26 23 3.2 3.2 15.0 .SO 5.6:l .15 6.32 1058 
1910 · 21 27 Jannary 3.2 3.2 14.0 .79 5.48 .15 6.16 1056 
28 12 3? 3.2, 13.9 .79 5.46 .15 6.14 1058 
29 22 3.2 3.2 14.9 .so 5.61 .15 6.30 10M 
30" 29 3.2 
I 
3.2 14.8 .76 4.00 .14 5.58 1068 
I 
-- ~ Average per day I 3.2 I 3.5 5.57 O.lS 6.835 
--.-
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TABLE I.-FEED CONSUMED AND DIGESTIBLE NUTRIENTS RECEIVED DAILY 
WHILE PREGNANT (CONTINUED) 
-
.. 
Ten·day period Period Grain Hay 
ending 
Cow 62 1909 
1 March 8 2.8 2.8 
2 18 2.8 2.S 
3 28 2.8 2.8 
4 April 7 2.8 2.8 
5 17 2.8 2.8 
6 27 2.8 2.8 
7 May 7 2.8 2.8 
8 17 2.8 2.8 
9 27 2.8 2.8 
10 June 6 2.8 2.8 
11 16 2.8 2.8 
12 26 2.8 2.8 
13 July 6 2.8 2.8 
14 16 2.8 2.8 
15 26 2.8 2.8 
16 August 5 2.8 2.8 
17 15 2.8 2.8 
18 25 2.8 2.8 
19 September 4 2.8 2.8 
20 14 2.8 2.8 
21 24 2.8 2.8 
22 October 4 2.8 3.6 
23 14 2.8 7.0 
24 24 2.S 6.7 
25 November 3 2.8 2.8 
26 13 2.8 2.8 
27 23 2.8 2.8 
28 29' 2.8 2.8 
Average per day 2.8 3.1 
lSeven days · only. 
"2 .6 silage, 8.3 green feed. 
>Green-feed to Period 18. 
'Silage from this point on. 
'Seven days only. 
·B~gan feeding green corn. 
'Began feeding cowpea hay. 
BBegan feeding silage. 
'Six days only. 
Carbo- Ether Energy Average Silage Protein live hydrates extracts value 
weight 
11.2 0.67 4.84 0.20 0.65 917 
11.2 .67 4.84 .20 5.65 925 
11.2 .67 4.84 .20 5.65 924 
11.2 .67 4.84 .20 5.65 921 
11.2 .67 4.84 .20 5.65 92'1 
11.2 .67 4.84 _20 5.65 91S 
11.2 .67 4.1l4 .18 .5.61 925 
11.2 .67 4.85 .18 5.59 929 
11.2 .67 4.85 .18 5.59 936 
10.9 .67 4.80 .18 5.55 936 
11.2 .67 4.85 .18 5.59 938 
11.2 .67 4.85 .18 5.59 944 
11.2 .67 4.85 .18 5.59 943 
10.1 .65 4.66 .17 5.38 945 
11.2 .66 4.86 .18 5.60 954 
11.2 .66 4.86 .18 5.60 955 
2.2 .65 4.77 .16 5.45 954 
7.78 
11.2 .68 4.83 .16 5.48 953 
11.2 .68 4.83 .16 5.48 960 
7.8 .70 4.64 .16 5.31 959 
2.2' 
11.4 .85 4.93 .16 5.73 974 
4.5 .77 3.95 .14 4.65 990 
.. ... .99 4.40 .14 5.13 985 
2.1' .98 4.61 .15 5.33 1000 
15.0 .71 5.03 .14 5.67 1020 
13.6 .70 4.82 .14 0.45 996 
15.0 .71 5.03 .14 5.67 992 
15.0 .71 5.03 .15 5.67 980 
._-_ .. -
---
10.5 .71 4.79 .17 5.16 
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Peri-
od 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
TABLE 2.-FEED CONSUMED AND DIGESTIBLE NUTRmNTS RECEIVED 
DAILY, COW 62 ON MAINTENANCE 
Ten-day Green Pro- Carbo- Etber Energy period Grain Hay Silage 
ending teed teln hydrates extract value 
1911 Lbs. Lbs_ Lbs. Lbs. Lbs. Lbs. Lbs. Therms 
April 27 4.0 2.8 11.2 ..... 0.89 5.63 0.27 6.87 
May 7 4.0 2.8 11.2 ..... .89 5.63 .27 6.87 
May 17 3.8 2.8 11.2 .... . .88 5.51 .27 6.71 
May 27 3.0 3.5 7.8 6.0 .94 5.01 .27 6.15 
June 6 3.1 8.1 .... 12.1 1.10 4.88 .31 6.12 
June 16 3.3 3.8 .... 18.2 1.18 4.77 .82 6.22 
June 26 8.3 8.3 .... 13.2 1.30 5.22 .8p 6.86 
July 6 3.0 3.0 .... 12.6 1.26 5.00 .35 6.61 
July 16 3.1 3.1 .... 12.0 1.30 5.17 .37 6.86 
July 26 8.0 8.0 .... 14.0 .97 4.86 .27 5.54 
August 5 3.0 8.0 ..... 14.0 .97 4.37 .27 5.55 
August 15 3.0 8.0 .... 16.4 1.02 4.51 .28 5.75 
August 25 2.8 2.8 .... 11.7 .94 4.23 .!l6 5.39 
September 4 2.8 2.8 .... 11.2 .92 4.18 .25 5.31 
September 14 2.8 2.8 .... 11.3 .91 5.45 .27 ~.53 
1908 
SeptembeI' 24 3.0 3.0 12.0 ..... .76 ~.08 .27 6.05 
October 4 3.0 3.0 12.0 ...... .76 15.08 .27 6.05 
October 14 3.0 8.0 12.0 ...... .76 5.08 .27 6.05 
October 24 3.0 3.0 12.0 ..... .76 15.08 .27 6.05 
November 3 3.0 3.0 12.0 ..... .78 5.25 .28 6.24 
November 13 3.0 3.0 12.0 ..... .76 5.08 .27 6.05 
November 23 3.0 3.0 12.0 ..... .713 5.08 .27 6.05 
December 8 3.0 3.0 12.0 ..... .76 3.08 .27 6.05 
Average per day 3.13 8. .... . ..... .34 4.99 .29 6.21 
TABLE 3.-DATA CONCERNING COWS USED IN EXPERIMENT I 
Age-months •• •• •• ..•• • ••.••• •• .. 
Number lactation periods • •••• ••• 
Average yield of milk-pounds .•• .• 
Average yield of fat-pounds •••. , 
Cow 27 
79 
3 
7684 
899 
Cow 62 
69 
3 
2503 
122 
Averag~ 
live 
weight 
Lbs. 
897 
897 
902 
881 
S85 
887 
901 
910 
910 
893 
895 
900 
900 
904 
905 
90S 
907 
917 
904 
907 
910 
914 
922 
The feed consumed by Cow 27 and Cow 62 while pregnant is 
given by one-day periods in Table 1. The same table gives the digestible 
nutrients per day and the energy: value calculated as indicated in the· 
previous paragraph. The data are also shown in Figure 1. The plan. 
as stated, contemplated keeping the ration during gestation at the same 
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level as found necessary to maintain the animals when farrow. The 
line in Figure 1 representing the energy of the ration shows that the 
energy value of the rations actually received was slightly under the 
maintenance requirement which is represented by the cross at the begin-
ning of the line. The variations in the energy value of the rations, 
especially the large drop at one point, are due mostly to the necessity of 
substituting green feed for silage during a portion of the summer. The 
following figures compare the amount of digestible nutrients and energy 
received daily during maintenance and gestation. 
T.A:8LE 4.-COMPARISON OF NUTRIENTS USED DAILY ON MAlNTENANCE AND 
DURING GESTATION 
Protein Carbohydrates Ether extract Energy 
Cow 27 LbS. Lbs. Lbs. TIlerms 
Maintenance ..... . .... 0.82 5.83 0.32 6.385 
Gestation .. .. ..... .. .. .81 5.57 .18 6.835 
Cow 62 
Maintenance .......... .73 5.02 .27 5.487 
Gestation .............. .71 4.85 .17 5.521 
It will be noted that the daily, averages of nutrients and energy 
were almost identical during both periods. Both cows made decided 
gains in weight during the gestation period as shown by the weight 
curves in the figures. Cow 27 made the greater increase in weight and 
gave birth to a heavier calf as shown in Table 5. 
TABLE 5.-COMPA.RISON OF WEIGHTS DURING EXPERTh!ENT 
Average weight on maintenance-pounds .•••• 
Weight, when bred-pounds ..........••.• 
Weight after calving-pounds •••.•......•••• 
Gain or loss in weight-pounds . . ..•••• • • 
Weight of calf-pounds •••.•.•••.••.•.. • • 
Oow 27 
897 
896 
944 
+ 48 
75 
Cow 62 
917 
917 
900 
. -17 
48.5 
It is noted that Cow 27 produced a calf weighing 75 pounds and 
in addition apparently gained forty-eight pounds in weight during 
the period of gestation, while Cow 62 produced a calf weighing 48.5 
pounds and lost seventeen pounds in weight. Both calves were normal 
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FIG, I.-RECORD OF FEED AND WEIGHTS DURING GESTATION: COWS 27 AND 62 
On a ration that was just sufficient to maintain these cows when dry and farrow, they made large gains whlIe pregnant. Cow 
27 weighed forty-eight pounds more after calving than when bred and Cow 62 weighed seventeen pounds less indicating that no 
extra nutrients were necessary to develop the fetus. 
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and healthy and made good gains after birth. The cows were in good 
condition and produced a normal amount of milk and butter as indi-
cated in Table 6. 
TABLE 6.-YIELD OF MILK BY EXPERIMENTAL Cows LACTATION PnECEDING 
AND FOLLOWING EXPERIMENT 
Yield of milk preceding lactation-pounds .... . 
Yield of fat preceding lactation-pounds .... . 
Yield ()! milk foll(}wing' lactation-pounds .. . 
Yield of tat following lactation-pounds .•.... 
Oow 27 
8522 
481 
8488 
432 
Cow 62 
3189 
169 
3338 
160 
The data presented lead to the conclusion that these two cows 
were able to develop the fetus on the same ration that was required 
to maintain them when farrow. This. statement is based upon the 
assumption that the ration of maintenance would have been the same 
during the interval covered by gestation as it was during the previous 
six months on maintenance. It is realized that there is some possi-
bility of error in this assumption since the maintenance period included 
the winter months with the lower temperature, while the gestation 
period extended over the summer when it is possible the maintenance 
might be less. It may be said, however, that there is evidence from 
other experimental data taken at this Experiment Station indicating 
that the maintenance requirement during the heated weather of sum-
mer is only slightly below that of the colder winter season14 • 
Further data from Cow 62.-Fortunate1y data are at hand which 
serve as a check on the possibility suggested of the summer maintenance 
being lower for the two experimental cows and at the same time allows 
a direct comparison to be made of the nutrients necessary to maintain 
the cow dry and farrow, and the same animal during gestation. To 
secure this data Cow 62 was retained until the end of her milking 
period following the taking of data on the development of the fetus 
and was then again put on maintenance vvhen dry and farrow from 
April 27 to September 14. By combining these data with those taken 
three years previous covering the period from September 14 to De-
cember 3 we have the maintenance requirement complete for the time 
from April 27 to December 3, which covers the same calendar months 
as those included in the gestation period of the same animal except 
"Trowbridge, P . F" Moulton, C.R., and Haigh, L. D. The maintenance requIre-
ments of cattle. . Mo. Agr. Exp. Sta. Research BUll. 18: 1-62. 1915. 
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FIG. 2.-COMPARISON OF RATION FOR MAINTENANCE AND DURING 
GESTATION: COW 62 
Cow 62 In a second maintenance test required 20 per cent more feed to main-
tain uniform weight when dry and farrow than she received during the gestation per-
Iod shown in Figure 1 when her weight after calving was only seventeen pounds less 
than when bred. 
210 
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that no data are available as a check for the period from February 
27 to April 27, which represents the first 60 days of the gestation period. 
The record of feed and nutrients received during this maintenance 
period is found in Table 2. The nutrients and energy, in the ration 
were calculated as previously explained. These data are shown graph-
ically in Figure 2. 
The broken line indicating the energy in the ration when farrow 
and on maintenance is noticeably higher than the line representing the 
ration during gestation. The average from Table 2 shows the average 
daily digestible nutrients and energy, as summarized in Table 7. 
TABLE 7.-NUTB.IENTS RECEIVED DURING MAINTENANCE AND GESTATION, Cow 62 
Digestible protein-pounds ............. . 
Digestible carbohydrates-pounds .......• 
Digestible ether extract-pounds ......• 
Energy-therms ....................... . 
On maintenance During gestation 
0.84 
4.99 
.29 
6.21 
0.71 
4.79 
.17 
5.17 
The average energy in the ration while on maintenance is seen to 
be 6.21 therms while for the pregnant period it is only 5.17. This 
would seem to indicate that in place of the fetus being a tax upon the 
mother the pregnant condition was in some way' a stimulation to the 
mother, causing the feed to be utilized to better advantage; It can be' 
pointed out, however, as a partial explanation that instead of main-
taining uniform weight during the 220-day period of maintenance Cow 
62 really gained about twenty-five pounds. This figure representing 
gain, however, is within the limits of the well-known daily fluctua-
tions of body weight and does not deserve too much consideration 
for this reason as well as for the fact that the period covers 220 days. 
Even if the animal did gain twenty-five pounds the difference in the 
feed during the maintenance and gestation periods would still be much 
greater than was necessary to produce this gain. It would seem that 
these results eliminate the possibility of a lessened demand for nu-
trients for maintenance by the two experimental animals during that 
portion of their gestation periods which included the summer months. 
One other possibility deserves consideration. Our experience, as 
well as that of others, in conducting maintenance tests shows that an 
animal requires more food when first put on a maintenance ration than 
after several months. For example, it has been observed that if an 
animal is given a ration that will just maintain uniform weight for 
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the first two 111onths, later it will commence to gain slightly in weight 
if continued on the same ration. The maintenance data given for Cow 
62 in this comparison are made up of two parts taken in different 
years but in both years she had not been on a maintenance ration a 
sufficient length of time to be entirely past this period of decline in 
maintenance requirements. 
Still another possibility that has to be recognized in this par-
ticular instance, as well as in the entire investigation, is that the com-
position of the animal's body may change and the weight remain prac-
tically constant. Such a change would probably involve the substi-
tution of water for a certain proportion of the fat. With these cows, 
while the weight after parturition was not appreciably smaller than 
at the beginning of gestation, even tho the ration given was supposed 
to be only sufficient to maintain the animal, it is possible that a por-
tion of the fat on the body was replaced by water and in that way 
the mother really was taxed more than the data as given would indi-
cate. 
After making all allowances, the only conclusion we can draw 
from the data given concerning Cow 62 is that the development of 
the fetus did not require any extra nutrients but on the contrary in some 
way stimulated the animal to make better use of her food. 
DAT A ON EXPERIMENT II 
As already explained in the general plan three cows were later 
available, the maintenance requirements of which had been determined 
in precisely the same manner as for the two cows used in Experiment 
1. These data have already been published15. These cows were Hol-
stein Cow 206, Ayrshire Cow 304, and Shorthorn Cow 400. 
As outlined in the discussion of the general plan the purpose was 
to use the Shorthorn, Cow 400, as a check animal in Experiment II. 
TABLE S.-DATA CONCERNING Cows USE!> IN EXPERIMENT II 
Cow 206 Cow 304 Cow 400 
Breed Holstein Ayrshire Shorthorn 
Age-months .... . . . . .. .. . .. . .. . .. .... 109 59 97 
Number lactation periods . . ... . . . ..... 6 3 4 
.A. verage yield ot mille-pounds 976:~ 6582 4694 
Average yielcl of fat-pounds ... . .. .. 30S 261 197 
"Eckles. C. H. Nutrients r~qllired for milk production. Mo. A~r. ~'xp. Sla. ReseArch 
:Bull. 7 : 8Q-140. (Note particularly 119.) 1913_ 
2 
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It was found during the maintenance trial when all were kept at uni-
form weight the Cow 206 required 118, and Cow 304, 87 per cent of 
the feed used by Cow 400. The basis of the feeding during Experi-
ment II was to maintain the check animal, Cow 400, at a uniform 
weight and to feed the pregnant animals a ration of the same compo-
sition; Cow 206 to receive 118, and Cow 304, 87 per cent of that 
required to maintain the check animal. The obj ect in view was to 
feed the two .pregnant cows nutrients sufficient to maintain them had 
they been farrow. Cow 400 was to be kept farrow and held as near 
as possible at constant weight allowing the weights of the others to 
vary as they might. Daily weights were taken of each cow. The 
method of feeding and the composition of the ration have been de-
scribed in detail in a previous paragraph. The object in using a check 
animal in this experiment was to eliminate any possible variations from 
such factors as temperature and composition of feed. 
The ration received by this group was the same grain mixture as 
used in Experiment I, and alfalfa hay in the ratio of 1 to 3. Silage 
was not included as it was not feasible to have it on hand thruout 
the period covered by the experiment. The change in the ration due 
to the dropping out of the silage and the increase in alfalfa came at 
the beginning of the· gestation period for Cow 304. On account of 
this adjustment the ration given this cow in the beginning was some-
what too high and had to be gradually reduced as the table of nu-
trients will show. 
The feed consumed, the nutrien~s, energy in the ration and the 
weights by one-day periods are found in Tables 9 and 10, and are 
represented in Figures 3 and 4. 
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TABLE 9.-FEED CONSUMED AND DIGESTIBLE NUTRIENTS RECEIVED DAILY 
WHILE PREGN.<l.NT 
Average Ten·day period Carbo· Ether Energy Period Grain Hay Protein !lve 
ending hydrates extract value 
weight 
Oow 
206 1912 Lbs. Lbs. Lbs. Lbs. Lbs. Tberms Lbs. 
1 November' 7 4.4 13.2 1.87 8.51 0.22 9.47 1327 
2 November 17 4.4 13.2 1.87 8.51 .22 9.47 1341 
3 November 27 4.4 13.2 1.87 S.51 .22 9.47 1350 
4 December 7 4.4 13.2 1.87 8.51 .22 9.47 1360 
5 December 17 4.4 13.2 1.87 8.51 .22 9.47 1370 
6 December 27 4.3 12.9 1.83 8.31 .22 9.24 1373 
1913 
7 January 6 4.2 12.6 1.78 8.11 .21 9.07 1379 
8 January 16 4.0 12.1 1.71 7.77 .20 8.74 1367 
9 January 26 4.0 11.9 1.69 7.68 .20 8.54 1363 
10 February 5 3.8 11 .4 1.01 7.34 .19 8.15 1366 
11 February 15 3.8 11.4 1.61 7.34 .19 8.15 1365 
12 February 2;; 3.8 11.4 1.61 7.34 .19 8.15 1353 
13 March 7 3.8 11.4 1.61 7.34 .19 8.15 1357 
14 Marcb 17 3.8 11.4 1.61 7 .34 .19 8.15 1366 
15 March 27 3.S 11.4 1.61 7.34 .19 8.15 1364 
16 Aprll 6 3.8 11.4 1.61 7.34 .19 8.15 1351 
17 Apr!! 16 3.8 11.4 1.61 7.34 .19 8.1:> 1364 
18 April 26 3.8 11.4 1.61 7.3-1 .19 8.15 1399 
19 May 6 3.8 11.4 1.44 7.56 .18 8.10 1388 
20 May 16 3.9 11.8 1.49 7.79 .19 8.38 1396 
21 May 26 4.0 12.0 1.52 7.96 .19 8.57 1399 
22 June 5 4.0 12.0 1.52 7.96 .19 8.57 14111 
23 June 15 4.0 12.0 1.52 7.96 .19 8 .57 1416 
24 June 25 4.0 12.0 1.52 7.95 .19 8.57 1412 
25 July 5 4.1 12.2 1.53 8.00 .23 8.6.9 1417 
26 July 15 4.1 12.3 1.55 8.10 .23 8.78 1420 
27 July 25 3.1 8.5 1.11 :>.76 .17 6.25 1399 
28 August 4 4.8 14.5 1.83 9.56 .27 10.37 1398 
29 August 1()2 4.3 13.9 1.70 8.91 .24 9.57 1400 
Average per day I 4.0 12.0 1.61 7.93 .20 8.62 
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TABLE 9.-FEED CONSUMED AND DIGESTIBLE NUTRIENTS RECEIVED DAILY 
WHILE PREGNANT (CONTINUED) 
Period 
Cow 
304 
1 
2 
3 
4 
5 
6 
7 
S 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Ten-day period 
e-nding 
1912 
June 
July 
July 
July 
August 
August 
AUgust 
September 
Septembl'r 
Septemller 
October 
October 
October 
Noyember 
November 
November 
Decembe-f 
December 
December 
1913 
January 
Jaunury 
January 
30 
10 
20 
30 
9 
19 
29 
8 
18 
28 
8 
IS 
28 
7 
17 
27 
7 
17 
27 
6 
16 
26 
Grain Hay 
-I---f---
Lhs. Lhs. 
3.4 10.1 
3.4 to.2 
3.4 10.2 
3.5 10.4 
3.5 10.5 
3.5 10.5 
3.5 10.5 
3.5 10.5 
3.5 lOA 
3.4 10.2 
3.4 10.2 
3.3 10.0 
3.3 9.S 
3.2 
3.2 
9.6 
9.6 
3.2 ll.S 
3.2 9.6 
3.2 9.6 
3.2 9.5 
3.2 
3.0 
3.0 
9.5 
9.1 
8.9 
Pt'oteln 
Lbs. 
1.47 
1.43 
1.43 
1.,16 
1.47 
1.47 
1.47 
1.49 
1.52 
1.48 
1.,18 
1.45 
1.43 
1.1l9 
1.39 
1.39 
1.39 
1.39 
1.39 
1.54 
1.32 
1.30 
Curbo- Ethel' 
bydra tes extract 
Lb". 
6.27 
5.26 
6.211 
6.41 
6.47 
6.47 
6.47 
6.52 
6.55 
6.40 
6.40 
6.25 
6.16 
6.02 
6.02 
6.02 
6.02 
6.02 
5.96 
5.97 
5.61 
5.61 
Lb •. 
0.30 
.:n 
.31 
_32 
.32 
.32 
.26 
.IS 
.18 
.18 
.17 
.17 
.1.6 
.1G 
_16 
.16 
.16 
.16 
_17 
.16 
.16 
Energy 
vnlue 
Tbel'ms 
7.50 
7.45 
7.45 
7.64 
7.73 
7.73 
7.78 
7.61 
7.42 
7.25 
7.25 
7.0S 
6.97 
6.79 
6.79 
6.79 
6.79 
6.79 
6.77 
6.76 
6.52 
6.36 
Averag 
live 
weight 
Lb". 
962 
987 
987 
1003 
994 
1607 
1012 
1017 
983 
992 
1006 
1019 
1028 
1013 
1026 
10M 
1047 
1066 
1063 
1080 
10S6 
1097 
23 February 5 2.8 S.4 1.22 5.27 .15 5.98 1099 
24 February 15 2.8 S.4 1.22 5.27 .15 5.98 1092 
25 February 25 2·.S S.4 1.22 5.27 .15 5.98 lOSS 
26 March 7 2.8 SA 1.22 5.27 .15 5.98 1090 
27 Marcil: 17 2.8 8.5 1.23 5.30 .15 6.00 /1090 
_-_!:_-l_~_:_~_~_~ _____ ~_:' ;: 2L;;.-1 :~ -:: ::: -- :: 
Average per day 3.2 9.7 I 1.39 I 5.77 0.20 6.84 I 
lFive da.vs only. 
'Six days anI y. 
'Four days onl)". 
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The figure represents the ration and weights during the gesta tion period of Cow 304 together with those of the 
check animal for the same Interval. In a six-month main tenance test with both cows dry and farrow, Cow 304 re-
quired 87 per cent as much feed as Cow 400. During gestation Cow 304 was fed 87 per cent as much as was required 
to maintain the check animal a t uniform weight. Cow 304 weighed fourteen pounds less after calving than when 
bred showing the nutrients necessary to produce the fetus to be practically negligible, . 
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TABLE lO.-FEED CONSUMED AND DIGESTIBLE NUTRIENTS RECEIVED DAILY, 
Cow 400 ON MAINTENANCE 
Peri· Ten·day period Grain Hay Protein Carbo· Ether Energy Average-od ending hydrates extract value live 
weight 
1912 Lhs. Lb •. Lbs. Lbs. Lb •• !Therms Lb •• 
1 June 30 4.1 12.3 1.62 7.43 0.36 ~.65 1119 
2 July 10 4.0 12.0 U59 7.27 .35 8.56 1142 
3 July 20 4.0 12.0 1.58 7.25 .35 8.540 1127 
4 July 80 4.0 12.0 1.58 7.26 .35 8.55 1186 
5 August 9 3.9 11.7 1.55 7.12 .34 8.38 1141 
6 August 19 3.9 11.7 1.540 7.10 .84 8.35 1137 
7 August 29 3.9 11.7 1.54 7.10 .34 8.35 1138 
8 September 8 8.9 11.7 1.57 7.15 .28 8.25 1135 
9 September 18 3.9 11.7 1.60 7.23 .19 8.10 1126· 
10 September 28 3.9 11.7 1 .60 7.23 .19 S.10 1132' 
11 October 8 3.9 11.7 1.1lC> 7.23 .19 S.10 1155 
12 October 18 8.8 11.4 1.57 7.08 .19 7.91 1151 
13 October 28 3.8 11.3 1.55 7.00 .19 7.84 1161 
14 November 7 3.7 11.1 .1.52 6.86 .18 7.G8 1146 
15 November 17 3.7 11.1 1.52 6.86 .18 7.68 1142 
16 November 27 3.7 11.1 1.52 ~.86 .18 7.68 1150-
17 December 7 3.7 11.1 1.52 6.86 .18 7.68 1157 
18 December 17 3.7 11.1 1.52 6.86 .18 7.68 1168 
19 December 27 3.6 10.8 1.48 6.67 .18 7.44 1171 
1913 
20 January 6 3.5 10.5 1.44 6.50 .17 7.29 117~ 
21 January 16 3.4 10.2 1.40 6.32 .17 7.08 1163 
22 January ~6 3.4 10.1 1.39 6.27 .17 7.01 1175 
23 February I) 8.2 9.6 1.31 5.98 .16 6.64 1174 
24 February 15 8.2 9.6 1.31 5.93 .16 6.64 1169 
25 February 25 3.2 9.6 1.82 5.93 .16 6.64 1159 
26 March 7 3.2 9.6 1.32 5.93 .16 6.64 1148 
27 March i7 3.2 9.6 1.32 5.93 .16 ,6.64 1154 
28 March 27 8.2 9.6 1.32 5.98 .16 6.64 1149 
29 April 6 8.2 9.6 1.32 5.93 .16 6.64 1147 
30 April 16 3.2 9.6 1.32 5.93 .16 6.64 1148 
31 April 26 8.2 9.6 1.32 5.93 .16 6.64 1144 
32 May 6 8.2 9.7 1.18 6.15 .15 6.65 1140 
33 May 16 8.4 10.2 1.25 6.49 .16 7.02 1132 
84 May ~ 8.4 10.2 1.25 6.49 .16 7.02 1185· 
35 June 5 8.4 10.2 1.25 6.49 .16 7.02 1135 
86 June 15 3.4 10.2 1.25 6.49 .16 7.02 113()' 
37 June 25 3.4 10.2 1.25 6.48 .16 7.02 1132 
88 July 5 3.5 10.5 1.28 6.63 .20 7.13 1128 
89 July 15 3.6 10.8 1.32 6.82 .20 7.44 1134 
40 July 25 3.6 10.S 1.32 6.82 .20 7.44 1137 
41 August 4 8.6 10.8 1.32 ~.82 .20 7.44 1145 
42 August 1()1 8.3 10.8 1.32 6.82 .20 7.44 1144 
Average per day 8.7 11.0 1.42 6.65 .20 7.47 
'S!x days only. 
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Table 11 shows the amount of digestible nutrients and energy 
received daily by each cow during maintenance and gestation and 
for Cow 400, the amount received during the maintenance trial com-
pared with that used when serving as a check. 
T.A1lLE ll.--(JOMPARISON OF NUTRIENTS RECEIVED DAILY ON MAINTENANCE 
AN D D UP.ING GESTATION 
Protein Carbohydrates E ther extract Energy 
Cow 206 Lbs. Lbs. LbS. Therms 
Maintenance ........ 1.22 7.80 0.30 8.59 
Gestation .. ........ 1.61 7.93 .20 8 .62 
Cow 304 
Maintenance .. . .. .. .93 5.65 .23 6.27 
Gestation . . .. .. . . . . 1.39 5.77 .20 6.84 
Cow 400 
Mnintcnance ....... .99 6.31 .24 6.93 
Check period . .. . ... 1.42 6.65 .20 7.47 
It will be observed from Table 11 that Cows 206 and 304 received 
more energy during gestation than during maintenance, this amount-
ing to 0.03 therms a day for Cow 206 and 0.57 therms a day for Cow 
304. At the same time Cow 400 received 0.54 therms a day more dur-
ing the check period than when on maintenance. 
The question naturally arises as to why the maintenance require-
ment for Cow 400 was higher while serving as a check animal than 
when on maintenance in a previous period. 
The weight figures for this animal indicate a slight gain while 
serving as a check animal, if we compared the first with the last period. 
If, however, we take the mean of the first five periods the gain is less 
than ten pounds, or clearly within the limit of error. 
TABLE 12.-COMPARISON OF WEIGHTS OF Cows 206 AND 304 DURING 
EXPERIMENT II 
Average weight in maintenance-ponnds .. • 
Weight when bred-pounds •• . .•......• 
Weight after calving-pounds ..•. . .•...• . .. 
Gain or loss in weight-pounds •.•... • ..• 
Weight of calf at birth-pounds ....•....... 
Cow 206 
1291 
1327 
1256 
71 
95 
Cow 304 
984 
962 
948 
-14 
82.5 
24 MISSOURI AGR. Exp. STA. RESEARCH BULLETIN 26 
Both experimental animals made large gain in weight during ges-
tation and after parturition showed a small loss in weight as compared 
with the weight at the beginning of gestation. 
The data from Cow 206 at first sight appear inconsistent with 
those from Cows 304, 27 and 62. When all the facts are taken into 
account it is not believed that the data are inconsistent. Cow 206 re-
ceived almost exactly the same energy in her ration during. gestation 
as during maintenance. Check animal, Cow 400, remained at prac-
tically uniform weight during the gestation of Cow 206. Cow 206 pro-
duced a 95-pound calf, and altho she weighed seventy-one pounds 
less after parturition than when bred, this weight was only thirty-five 
pounds lighter than her normal maintenance weight. Her ration was 
reduced too much about the middle of gestation period causing a loss 
in weight for about forty days. During period 40, only about fif-
teen days before parturition, she had indigestion and consumed but 
little feed for several days. In the two periods following, an extra 
amount of feed was given to make up for what had been withheld. 
This attack of indigestion accounts for the irregularity in the feed-
ing as exhibited in Table 9, which also appears in the feed curve 
in Figure 4. When these facts are taken into account, it is believed 
safe to say that the data from Cow 206 are not inconsistent with those 
from Cow 304 or from Experiment L 
Cow 304 weighed fourteen pounds less after parturition than 
she did when bred. Such a variation is entirely within the limits of 
error in taking weights. It is safe to say that the results of Experi-
ment II confirm those of Experiment 1. Apparently these cows 
like those of Experiment I were able to maintain themselves and pro-
duce a fetus while receiving a ration that would only suffice for main-
taining a uniform weight when dry and farrow. 
GENERAL DISCUSSION OF RESULTS 
The results of the two experiments lead to the general conclu-
sion that a cow can produce a fetus onthe same ration that will main-
tain her when dry and farrow. It is clear that if this is true the preg-
nant animal must either be able to utilize her feed to better advan-
tage or the total requirements to grow the fetus are too small to be 
measured without more accurate methods than those employed 
in our investigation. There are, in fact, three possible explanations of 
the results of these experiments- (1) Increased metabolism of the 
animal when pregnant resulting in better .digestion and assimilation 
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The figure represents the ration and weights of Cow 206 during gestation together with those of the check animal 
for the same interval. In a previous test it was found that Cow 206 required 118 per cent as much to maintain her as 
did the check animal. During gestation Cow 206 was fed 118 per cent of the feed necessary to maintain the check an-
Imal. Cow 206 weighed seventy-one pounds less after calving tha n when bred. With a cow of this size the results 
are almost within the limits of error in taking weights. These results confirm those shown in previous figures. 
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of food, (2) decreased maintenance requirement, and (3) the small 
amount of dry matter found in the fetus. 
Increased metabolism of animal.-It is quite possible that the meta-
bolism of the animal is favorably affected as suggested by Marshall. 
It is a matter of common observation that females of different species 
show a strong tendency to gain in. weight during pregnacy. It is 
held by stockmen that both cows and sows fatten more rapidly when 
pregnant, and for this reason it is rather a common practice to breed 
them during the 'fattening period in order to obtain a more rapid gain 
in weight. It does not seem to have been determined whether this 
increased gain of weight is due to a greater consumption of feed, to 
a lowered maintenance on account of the animals showing less ac-
tivity, or to a better use of the feed received. 
In our second experiment, it was planned to secure data con-
cerning the effect of pregnancy upon the coefficient of digestion by 
comparing the results of digestion by trials made when the cows were 
farrow and on maintenance with similar tests of the same animals 
while pregnant. The results obtained, however, have only a very 
limited significance, partly on account of a necessary change in ration 
as previously mentioned, and 'more especially to an error in using 
too short a period for collecting samples of excreta during the preg-
nant period. Since the ration had been the same for many weeks, 
it was thought that a two-day period would be sufficient for taking 
samples. The results show such variations in the amount of excreta 
passed , during this short period that the data are not used as intended. 
It is, however, possible to compare the composition of the dry mat-
ter in ; the feces of the three cows while on maintenance and of Cow 
206 and Cow 304 during pregnancy, with Cow 400 serving as a 
. check. It should be kept in mind in studying these figures that the 
ration on maintenance was composed of silage, alfalfa and grain, while 
that received during the pregnant period, and by Cow 400 while 
serving as a check, was composed of alfalfa and grain without the 
silage. The alfalfa used during this latter period was rather coarse in 
character which probably explains the much higher proportion of 
crude fibre found in the feces at that time. 
The value of these figures is . limited but it is believed that they 
are worth presenting. They show quite a uniformity in the case of 
the three animals on maintenance, altho Cow 400 has the higher figures 
in each case. The same tendency is seen with the second trials taken 
when Cows 206 and 304 were pregnant and Cow 400 served as a check. 
There is nothing here to indicate any change in ability to digest 
feed by the pregnant cows. 
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TABLE 13 .-COMPOSITION OF DRY MATTER IN THE FECES ON MAINTENANCE 
AND DURING GESTATION 
Cow 206 Cow 304 Cow 400 
On maintenance P er cent. Per cent. Per cent. 
Protein: ... . .. . . . ........... . 12.08 10.30 12.80 
Crude fiber . . ............... 25.04 25.90 28.30 
Nltrogen'!ree extruct .... . . 37.09 36.80 41.20 
On gestation 
Protein ... .... . . . .......... 10.71 10.70 11.84 
Crude tiber .. . . .. ....... ... . 45.40 37.00 47.00 
Nitrogen·free extract . ...... 24.20 26.00 27.90 
Decreased maintenance.-It is quite possible that the ration of 
maintenance is lowered slightly during gestation. It has been found by 
Armsby that there is a marked decrease in the metabolism of a steer 
while lying down as compared with standing quietly in .the stall. A 
pregnant animal is commonly expected to be much less active than 
one not in this condition, and if such is the case the reduction in 
the amount of nutrients required for maintenance might be appreci-
able. The feeding of the experimental animals was regulated by the 
maintenance requirements as determined for them when farrow. If 
pregnancy reduced the maintenance requirements there would, there-
fore, be a small surplus available for producing the fetus. It is 
possible that this is also a factor in the more rapid fattening of preg-
nant animals to which reference has already been made. 
Small amount of dry matter in fetus.-The third possible explana-
tion of the small requirements for nutrients to grow the fetus is the 
exceedingly small amount of dry matter in the calf at birth. 
In order to obtain data on this point the department of agri-
cUTfural chemistry has analyzed several calves taken at birth and 
some in the prenatal stage. 
The four Jersey calves analyzed following normal gestation peri-
ods had an average weight of 53.9 pounds and an average composi-
tion of 73.09 per cent water, 26.91 per cent dry matter, 3.35 per cent 
fat, 18.94 per cent protein, and 4.26 per cent ash. The analyses show 
a striking uniformity in composition among the calves. Therange 
in water content was from 72.03 to 74.19 per cent. The data availa-
ble representing two breeds, the Jersey and the Hereford, do not indi-
cate that breed is a factor exerting any appreciable effectupoilthe 
composition of the fetus. 
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It seems safe to assume that the average analysis given repre-
sents quite closely the composition of the calves developed by the 
fOllr experimental cows used in the investigation here reported. As-
suming this average composition to apply to the calves from the 
four experimental cows, the composition of the individual calves wonld 
be that found in Table 14. 
TABLE 14.-C0ll1POSITION OF CALVES FROU EXPERIMENTAL COWS 
Cow Weight of calf Water Dry matter I Protein ~ Ash --Lbs Lbs. Lb". I,bs. r,hs. I Lbs. 
27 75.0 I 54.S 20.2 14.2 2.5 3.2 62 48.5 
I 
35.4 13.1 9 ., loG 2.1 
206 95.0 69.4 I 25.6 18.0 3.2 4.0 
304 82.5 
I 
60.3 
I 
22.2 
I 
15.6 2.S 3.5 
___ . __ . .J. 
.- - --_._-
During gestation the animal has to supply nutrients to develop 
the amniotic fluids and placenta in addition to the fetus. In order 
to secure a correct sample of these a Jersey cow was slaughtered 
just previous to parturition and the fetus, amniotic fitlid and placenta 
taken for analysis by the agricultural chemistry department. The 
results of these analyses are shown in Table 15. 
TABLE I5.-C0ll1POSITION OF AMNIOTIC FLUW AND PLACENTA 
":eigllt-poundS ..... .. . ... . ... j 
Vi ater-per cent. . . .. .. ...... .. I 
Fat-per cent. . .......... . ... . 
Protein-per cent. . ...... .... . 1 
Ash-per cent. . .. . ... ...... . . 
Amniotic fluid 
32.7 
95.9 
0.92 
3.36 
0.65 
Placenta 
18.3 
S5.6 
0.92 
12.20 
0.89 
The weights of the amniotic fluids are not available for any 
of the four experimental animals. The placenta from Cow 206 
weighed 18.5 pounds, and fro111 Cow 304, 10.5 pounds. The others 
were not obtained under conditions making it possible to secure ac-
cnrate weights. Assuming a weight of eighteen pounds for the pla-
centa and thirty-two pounds for the amniotic fluids the cow produces 
the following in addition to the fetus:-
Combining the data in Table 16 with the constituents of the 
calves as found in Table 14 gives the total produced by four experi-
mental cows during gestation as appears in Table 17. 
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I 'ABLE Hi.-ToTAL CONSTITUENTS PRODUCED BY COW IN Al\1NIOTIC FLUID 
AND PLACENTA 
Water .. .. .............. . 
Dry matter ............ .. 1 
~~~t~;~ . : : : : : : : : : : : : : : : : :: I 
ASh .. : . .. .. , •• .. •• . •.••• . 1 
Amniotic fl1lid I 
Lbs. 
30.7 
1.3 
.03 
1.07 
.21 
Placenta l Total 
Lb •. Lbs. 
15.4 46.1 
2.6 S.9 
.16 .19 
2 .19 3.26 
.16 .ar 
TABLE I7.-CONSTITUENTS PRODUCED IN Fh.'TUS, A11NIOTICFLUIDS, 
AND PLACENTA 
--~ Dry matter Prot"in Fat Ash 
Lbs. Lbs. Lb •. Lb •. 
27 24.1 17.24 2.71 3.5H 
62 I 17.0 12.44 1.82 2.43 
206 
I 
20.:3 21.25 :L37 4.41 
304 26.1 18.90 2.9G <:.88 
The striking point concerning the data in Table 17 is the ex-
tremely small amount of total dry matter contained in the calf and 
accompanying membranes and fluids at birth. Since cows of the 
breeds represented are kept primarily for milk production it is of 
interest to compare the constituents of the fetus with those in mille 
Fortunately complete records are available of the amount of milk pro-
duced by each of the experimental animals for an entire year to-
gether with a complete chemical analysis. These data are given in 
Table 18. 
TABLE I8.-YIELD FOR ONE YEAR AND COl\IPOSITION OF MILK FROM 
EXPERIlIlENTAL ANIMALS 
COW Yield milk Water Dry matter Protein Fat Ash Sngar 
Lbs. Per cent. Per cent. Per cent. Per cent. Per cent. Per cent. 
27 8522 85.18 14.82 3.98 5.51 0.75 4.60 
62 3188 85.43 14.57 3.99 5.31 .75 4.52 
206 11986 88.72 11.28 2 .95 3.40 .75 4 .1!l 
304 9169 87.80 12.20 :,~.28 3.85 .73 4.H 
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The commonly accepted energy value for animal fat is 9.5 calories 
for a gram, and for protein 5.65 calories for a gram. 
If these figures be applied to the dry matter of milk and 
of the fetus according to the analyses given it will be found that 
the energy values of the two per unit are very close together. If it be as-
sumed that the values are the same and that equal quantities of dry mat- . 
ter in the fetus and in the milk represent an equal tax upon the mother 
then it is possible to represent the nutrients required for the fetus m 
terms of milk production. Such a calculation is given in Table 19. 
'fABLE 19.-MILK EQUIVALENT TO FETUS IN DRY MATTER: TOTj\.L AND AMOUNT 
PER DAY DURING GESTATION 
Cow Total Per Day 
.. 
Lbs. Lbs. 
27 162 0.55 
62 116 .42 
206 261 .92 
304 213 .75 
The above shows that on the dry matter basis Cow 27 in secreting 
162 pounds of milk, or the production of about 4.5 days when at her 
best, produced as much dry matter as was in her calf at birth. 
Table 20 gives the total dry matter produced in milk by each of 
the experimental cows during a year when full data were kept. The 
column headed "energy available for milk" gives the energy availa-
ble above maintenance and used for the production of this milk. The 
dry matter in the fetus is also given and its relation to the dry matter . 
in the milk produced during the year. The data on which these figures 
are based are those in Table 18. 
TABLE 20.-COMPARISON OF DRY MATTER IN FETUS WITH DRY MATTER 
PRODUCED IN MILK IN ONE YEAR 
Cow Dl'Y matter Dry matter ReJatlon fetus Energyavalluble 
in milk in fetus to milk for milk dry matter 
Lbs. Lb •. Per cent. Therms 
27 1263 24.1 1.9 2828 
62 465 11.0 3.7 882 
206 1852 29.5 2.2 2822 
304 1186 26.1 2.2 2139 
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If we assume that a unit of dry matter in the fetus requires the 
same amount of energy for its production as an equal amount of dry 
matter in milk, then the total energy required for the fetus produced 
by Cow 27, for example, would be 1.9 per cent of 2828 or 47.1 therms. 
The caloric value of the fetus can be estimated reasonably closely by 
using t Ie figures of 9.5 calories per gram for fat in animal tissue and 
5.64 calories per gram of animal protein. Such a calculation for the 
four experimental animals is found in Table 21. 
TABLE 21.-CALCULATED ENERGY REQUIREMENT FOR FETUS COMPARED WI'l.'H 
ENERGY IN FETUS 
Cow A vallable energy Calcula ted total Total energy 
for fetus energy for fetus in fetus 
Per cent. Therm~ Therms 
27 1.9 47.7 56.4 
62 3.7 32.6 40.1 
206 2.2 62.1 60.6 
304 2.2 47.1 61.7 
It is apparent that considered on the basis of energy the cow 
needs at most only about two or three per cent as much feed for the 
development of the fetus as is required for milk-production not in-
cluding maintenance during a normal lactation period. It is of in-
terest to compare the energy of the fetus with that required for main-
tenance by the cow. Cow 27 "vas found in a previous experiment to 
require 5.55 therms of energy per day for maintenance. On this 
basis the energy in the fetus at parturition would supply energy to 
maintain the mother only ten days. 
These data show from whatever angle they may be examined that 
the demands upon the animal during gestation are comparatively 
small especially when the length of time is considered. 
It is recognized that there are other possible factors involved of 
equal importance with the protein and energy. These possibilities lie 
especially along the line of the mineral matter. More than twice as 
much milk would be required to supply the ash in the calf at birth 
as would be needed to equal the energy. It is known that at times 
dairy cows receive rations deficient in mineral matter, especially cal-
cium. Under such conditions the tax upon the mother to grow the 
fetus might be more than is· the case from the standpoint of energy 
or protein. Another interesting question is in regard to iron. It is 
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pointed out by Hammarsten16 that the' bovine fetus contains a much 
larger amount of iron in proportion to its size than is found in the 
mature animal. A large amount of this iron is found in the liver 
of the calf at birth. Trowbridge17 fonnd the ash of the fetus to con-
tain approximately one per cent of ferric oxide while Lawes and 
Gilbert in their well known investigations concerning the composition 
of the carcasses of cattle report 0.41 per cent iron oxide in the ash 
of a mature fat ox. It is probable that the store of iron in the mother 
would be called upon to furnish at least a portion of this mineral. 
Our experimental data throw no light on this phase of the question 
and the purpose in calling attention to it is to make clear the limi-
tations of the experimental work reported and the possibility of other 
factors entering into the question of developing the fetus. It seems 
perfectly clear from the standpoint of energy, as represented in the 
protein and fat, why the experimental results failed to show any 
appreciable requirement in the way of feed to develop the fetus. It 
is evident that the nutrients needed for this purpose are necessarily 
small in amount and the time covered so long that it is practically im-
possible to measure this requirement. It is possible, as already 
pointed out, that saving in other ways either by decreased ration of 
maintenance, or more active metabolism, may more than make up 
for the small amount of nutrients required for the growth of the fetus. 
Size and vigor of calf as influenced by nutrition of mother.-As al-
ready pointed out, it is the practice of the best dairy cattle men to 
feed cows liberally during gestation and especially in the later stages. 
Some emphasize this practice as necessary for developing the fetns 
while others place stress upon the favorable condition for a large 
milk production resulting from having the cow in high flesh at the 
time of parturition. This liberal feeding is unquestionably one of 
the chief factors in bringing about the maximum milk and butter fat 
production for a cow, and is understood and followed by those most 
successful in this respect. 
It is a matter of common belief that the size and vigor of calves 
is directly influenced by the feeding of the mother but it is still an 
open question as to how far this is true. There is abundant evidence 
that the size of the calf is determined mainly by breed and heredity 
and not to any great extent by the feed of the cow. It is a common 
observation that cows poor to the point of emaciation may bear calves 
of normal size for the breed. It is also a matter of observation that 
16Hammel'~tl'n, Olaf. E.nglish Tl'anslation by J. A. Mandel. A textbook of Phy· 
siological ch~mistry, 4th edition: 45i'i . • John WHey & Sons. 1906. 
wl'rowbridgc. P. F., Moulton. C. R., and Haigh, L. D. Tile maintenance require-
ments of cattle. lifO. Agl'. Exp. Stu. Research Bull. is: 1-CS2. 1915. 
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the calves of cows excessively fat are often undersized at birth. Ap-
parently, it is only extreme cases of poor nutrition or the lack of some 
constituent in the ration covering a long period of time that may be 
expected to exert any, marked influence upon the size of the calf. The 
calves from the four cows used in our experiment averaged above 
normal altho the cows received as a ration only sufficient for mainte-
nance .vhen farrow. The weights of these calves are given in Table 
22 in comparison with the average birth \veight of calves for the 
breed. 
TABLE 22.-COMPARI SON m' WEIGHTS OF CALVES WITH: NORMAL BIRTH WEIGHT 
Cow Breed W eight of calf Weight of average 
calf for breed 
Lbs. Lbs. 
27 J ersey 75 5:~ 
62 J ersey 48 53 
206 Holsteiu 95 
I 
89 
304 Ayrshire 82 6! 
. 
It is evident the size of the calves was not influenced by the 
plane of nutrition of the mothers as three out of four were above 
the average of the breed represented. The same may be said of the 
vigor of the animals. All were healthy and showed fully as much 
vitality as the normal animal of the breed. The ration received by 
these animals, however, "vas an excellent one in regard to protein 
and mineral matter and was only deficient in amount. Data, taken by 
the author, are also available giving the birth weight of a number of 
calves, together with the weights of the mothers following calf birth. 
One group of these received a heavy grain ration fro111 birth until 
the first calving while the other group was raised on skim milk and 
hay. A part of each of these groups calved at an early age for the 
breed, averaging about 23 months, while the others were brought into 
milk at the age of about 34 months. The results of the great extreme in 
rations are shown in a striking way in Table 23 by the wide variation 
in the weights of the animals of the two groups. 
In three out of four groups the calves were the larger from 
those cows receiving the light ration. In proportion to the weight 
of the mother the results are far more pronounced. 
It does not follow from the small effect upon the size of the ra-
tion of the mother upon the calf that the same holds true regarding 
the vigor of the calf. On the contrary there is evidence that it does 
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TABLE 23.-INFLUENOE OF RATION OJ!' MOTHER UPON WEIGHT OF CALF AT BmTH 
.. 
Early calving Late calving 
Light·ted Heavy·f ed Light·fed Heavy-ted 
.1erseys 
Number animals .. ..... . . . .... . . . . . . 4 3 4 4 
Average weight of ca lf-pounds .. . . 44 40 55 50 
A verage weight of cow-pouuds .. .. . UUS 794 806 1001 
Holsteins 
Number animals .. . .. . .. .... .. . . ... . :! 2 6 3 
Average weight of calf-pouuds . .... 67 84 82 77 
A vernge weight of cow-pounds .... . 820 877 866 1186 
exert an important effect. Investigation at the Wisconsin Experiment 
Station18 proved that calves from cows receiving a ration entirely 
from the wheat plant were either born dead or were so lacking- in 
vigor as to die shortly. In experiments by the author as yet incomplete, 
two Jersey heifers fed a ration lacking in calcium both aborted, al-
tho showing no reaction to the test for contagious abortion. Evvard19 
found a marked increase in both size and vigor in pigs at birth when 
a high calcium food was added to a ration low in -this constituent. 
SUMMARY 
Results from carefully controlled experiments lead to the con-
clusion that the amount of nutrients necessary to develop the bovine 
fetus is so small that it cannot be measured by ordinary methods of 
experimentation. 
Four cows were kept during the entire period of gestation on a 
ration found by six months trial to be only sufficient to maintain them 
at uniform weight when not preg-nant and not producing milk. These 
cows developed calves of normal size for the breed on this ration, and 
one cow weighed forty-eight pounds more after the calf was dropped 
than when bred and the other weighed only seventeen pounds less. 
This result was confirmed by two additional cows, the feeding 
of which was regulated during gestation by that required to maintain 
a dry farrow cow at uniform weight. One of the Jersey cows de-
veloped a normal fetus while receiving during the period of gestation 
' · Hart, E. B., McCollum, E. V., Steenbock, H., and Humphrey, G. C. Physiological 
elfects on ~l'owth and reproduction of rations balanced from I'estrict ea sources. Wis. 
Agr. Exp. >:>ta. Research Bull. 17 : 131-203. 1911. . 
lDEvvard, John. Nutrition as a factor in fetal growth. Annual Report American 
Breeders' Assn. 8: 549-560. 1912. 
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a ration ev'en less than was found necessary to maintain her dry and 
farrow during the same months of the year. 
These results may be due to one or more of three possible factors-
(1) better use of feed during gestation, (2) decreased maintenance 
during pregnancy, and (3) small amount of dry matter in fetus. 
The conclusions with reference to these three factors may be 
summarized as follows: 
1. While the data taken are not very satisfactory the indica-
tions are that the coefficient of digestibility is not changed by preg-
nancy. 
2. The data do not make it possible to conclude definitely that 
the maintenance of the animals is decreased by pregnancy but it is 
thought this is probable, and could be accounted for by the animal 
being quieter when in this condition. 
3. The data show that the amount of dry matter contained in 
the fetus and its accompanying fluid and membranes is very small. 
The small feed requirement necessary to supply the dry matter of the 
fetus together with the amniotic fluid and placenta, is either too small 
to be measured on account of the length of time represented or it is 
vffset by the saving due to decreased maintenance. 
Four Jersey calves analyzed at birth contained an average of 
73.09 per cent of water. Data available indicate that breed is not 
a factor influencing the composition of the new-born calves. The 
amniotic fluid weighs about thirty pounds and contains approximately 
95 per cent water. The placenta weighs about 18 pounds of which 
approximately 85 per cent is water. 
A Jersey cow produces a total of only fifteen or twenty, and a 
Holstein twenty or twenty-five pounds of dry matter in the fetus and 
its accompanying fluid and membranes. 
On the dry matter basis a Jersey calf at birth is ,equivalent to 
from 110 to 170 pounds of Jersey milk. In the Holstein breed the 
calf at birth will contain as much dry matter as from 200 to 275 pounds 
of Holstein milk. -
Using Jersey Cow 27 as typical of all, it is shown that she pro-
duced during one year 1263 pounds of dry matter in her milk. Dur-
ing this time 2828 therms of energy were available in her ration for 
this milk production in excess of maintenance. Her calf with pla-
centa and amniotic fluid contained approximately 24 pounds of dry 
matter, or 1.9 per cent as much dry matter as in her milk for one year. 
If the calorific value of the solids in the fetus are consic1ered equiva-
lent pound for pound to that of the solids in the milk it would ap-
pear by calculation that this cow would require 1.9 per cent as much 
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energy as was used for her milk production, or 47.7 therms. The ac-
tual energy in the fetus and its accompanying fluid and membranes cal-
culated from the weights and composition was 56.4 therms, a figure 
surprisingly close to the calculated requirement of 47.7 therms. 
All the data available indicate that the weight of a calf at birth 
is not ordinarily influenced by the ration received by the mother dur-
ing gestation. This is especially true with reference to the energy 
value of the ration but may not hold good when the ration has been 
decidedly deficient in some constituent for a long period. 
